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Application No.: 10/071 ,962 
Attorney Docket No.: TNX 98-03-01 

Customer No.: 26839 

REMARKS 

Claims 31-33, 36-41 , and 44-50 are currently pending in the present application. Claims 
44 and 46-47 have been withdrawn from consideration pending rejoinder. 

I. Claim Objections 

Claims 39 and 41 have been objected to for containing non-elected species. Applicants 
submit that the claims are in condition for allowance and request rejoinder of the non-elected 
species. 

II. Rejection Under 35 USC § 112 

A. Claims 39 and 41 have been rejected under Sec. 112, first paragraph, for failing 
to comply with the enablement requirement. The Office alleges that the deposit requirements 
were not met. Applicants respectfully point out that the verification of deposit was submitted 

with the June 29, 2005 response (see post card attached). Another copy of the ATCC Patent ^ 
Deposit Verification is submitted for the Examiner's convenience. Further, as Applicants' 
representative I stated that the deposit of HB-12699 and HB-12700 was made under the 
terms of the Budapest Treaty on April 29, 1999, and, upon issuance of a patent from 
this application, all restrictions imposed upon the deposit would be irrevocably removed. 
Nothing further is necessary to meet the requirements, and having made the necessary 
statements and supplied the necessary verification, Applicants request that the rejection 
be withdrawn. 

B. Claims 48 and 50 have been rejected as lacking enablement because they 
encompass antibodies that would bind to the intracellular or transmembrane regions of the G- 
CSF receptor. Applicants have amended claim 48 to include the phrase " the extracellular 
domain of n and therefore request that the rejection be withdrawn. 
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As to the rejection of claims 31-33, 37-38, 40, and 45, Applicants are confused by the 
Examiner's statements. The amendment made in the June 29, 2005 response (and in the 
replacement claims submitted on July 20, 2005 and Oct 20, 2005), Claim 31 was amended to 
state the "extracellular domain" whereas Claim 34 was cancelled. Therefore, the rejection of 
these claims is moot and should be withdrawn. 

C. Claim 38 has been rejected because the Office alleges that monovalent 
fragments would not dlmerize the receptor. Although Applicants disagree and maintain that 
these fragments are useful, the claim has been amended to expedite prosecution and request 
that the rejection be withdrawn. 
111. Rejection Under 35 USC 1 02(b) 

A. Claims 31-33, 36-38, 40, 45 and 48-50 have been rejected as anticipated by 
Cunningham et al. (U.S. Pat. No. 5,506,107). The Office asserts that "Cunningham et al 
disclose the production of agonist antibodies which are capable of stimulating receptors for 
various ligands", and that "production of agonists which stimulate the G-CSF receptor is 
specifically mentioned at column 12, line 56." The Office further argues that the making of 
agonist antibodies to hGH anticipates the making of agonist antibodies to G-CSF. 

Applicants respectfully traverse this rejection. In order for a reference to qualify as 
anticipatory it must also be enabling. The mere disclosure of the desire to make an agonist 
antibody to G-CSF is not enabling, and no one prior to the present inventors had made such an 
antibody. As discussed in a previous response, the assay disclosed by Cunningham was not 
sufficiently sensitive to detect agonist antibodies to G-CSF as demonstrated by the present 
inventors in Figure 5. Moreover, it is easy to obtain a neutralizing antibody because one 
merely blocks binding of the ligand. I.e. the G-CSF protein, to the receptor, whereas an 
agonist antibody must bind to the receptor in a proper confirmation and trigger the 
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activation of the receptor in the same manner as the native ligand. The paper 

previously submitted by Schneider et al. highlight the difficulty in making dimerizing 

agonist antibodies and pose the question "Why are agonist antibodies to EPO-R so 

rare?" highlights the difficulties in obtaining such antibodies, (attached is another copy 

for your convenience). In that paper, they stated all of their monoclonal antibodies 

specific for the extracellular domain of EPO receptor should have dimerized the 

receptor, but in fact only one in the 50 isolated did so. We argue that a similar situation 

is true for G-CSF, and the assay taught by Cunningham would not lead one to isolate a 

valid agonist antibody because of the number of false positives. 

Thus, due to the rarity of agonist antibodies to EPO, the lack of an adequate 

assay for detecting agonist antibodies to G-CSF, and the lack of any evidence that an 

agonist antibody to G-CSF was made prior to the present invention, makes this 

reference Inadequate and lacking enablement to anticipate the currently claimed 

invention. 

B. Claims 31-38, 40 and 45 have been rejected as anticipated by Adams et al. (U.S. 
Pat. No. 6,342,220). The Office asserts that "Adams et al disclose the production of agonist 
antibodies which are capable of stimulating receptors for various ligands", and that "production 
of agonists which stimulate the G-CSF receptor is specifically mentioned at column 12, line 56. 

Applicants respectfully traverse this rejection. Adams et al. do not disclose making or 
any examples of G-CSF agonist antibodies. For the same reasons discussed above, this 
reference does not qualify as prior art because it does not satisfy the enablement requirement of 
an anticipatory reference. 

Therefore. Applicants submit that the rejections under Sec. 102(b) should be withdrawn. 
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Conclusion 

In view of the foregoing amendments and remarks, Applicants submit that the 
application is currently in condition for allowance and request a Notice of same. 

Respectfully Submitted 



Dated: April 10, 2006 




'A 



Cheryl A. 
Reg. No. 45, 
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AMERICAN TYPE CULTURE COLLECTION 

10801 University Blvd. Pi@|fV§Q 
Manassas, VA 201 10-2209 CENTRAL PAX SPTfR 



Telephone: 703-365-2700 
Fax: 703-365-2745 



APR 1 0 2006 



FACSIMILE 



DatM May 7, 1999 

* 

Tot Eric P. Mirabel 

Tanox, Inc. 
Fax Number: 719 664 B914 

From: ATCC Patent Depository 

Number of pages: 1 
(In cm ding tbSs page) 

REFERENCE: Patent deposit 



Mouse hybridoma cell line 163-93 assigned ATCC HB- 12699 and 
Mouse hybridoma cell line 174-74-11 assigned ATCC HB-12700. 

Date of Deposit: April 29. 1999. Paperwork will be forwarded to you in a few days. An 
invoice will be sent under separate cover: 

One time fee - 30 years $ 1,200.00 

Informing fee - 30 years 720,00 
Viability Test 200.00 

Total amount to ATCC HB-12699 & HB-12700 $ 2,120.00 

Balance due to ATCC HB-12699 & HB-12700 S 2,120.00 




Barbara M> Hailey, Administrator 
ATCC Patent Depository 

The information contained m (his facsimile is intended only fin* the uj» of the individual or entity named above. If the reader of this message 
fs not the intended recipient, you pro notified th»t any dissemination or dittribudot), except to ttra mtonded recipient of lhh? communication, is 
prohibited. If you pnre nscdved this communion tion in emnr» alette call Us immediately at the telephone number listed above. 
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Angela Haffelder 
Tanox, Inc. 

10301 Stella Link Road 
Houston, TX 77025 
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Please Stamp to Acknowledge Re&ipt of the Following: 

Application of: Baofu Nl, et al. 
Serial No: 10/071,962 
Filed: February 8, 2002 

For: G-CSF RECEPTOR AGONIST ANTIBODIES AND SCREENING METHODS 
THEREFOR 



1. 

2. 

3. 
4. 



Transmittal Form (1 page) 
Amendment and Response^ pages) 
ATCC Deposit Receipt (1 g|ge) 
Reference: Schneider et a#(1 0 pages) 



Attorney Docket - TNX98-03-01 
Dated Mailed: June 29, 2005 
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Homodimerization of Erythropoietin Receptor by a Bivalent 
Monoclonal Antibody Triggers Cell Proliferation and Differentiation 

of Erythroid Precursors 

fly Helmut Schneider. Warak Chaovapcng. David J, M*th*w*. Cym* Knfam. Robart T- Cw*, Hangjun Zhan, 

Mark Boyto, Tonv Looanrini. Stnva G. eiltott and Lutz b\ Giebal 



£, ythropoietlo lEPOl «p>ur«t~ proWemlon end dJfl«r«nfit- 
tion of erythroid prapiofeot cefl*. Several ovldettea 
indicate that the moat Gkery mwhartfam of EPO recepto# 
1EPO-R) activation by EPO ii hamo<fim*ri»*iwi of the ****** 
tor eh ihe surtvcB of erythroeyto prteunore. Trier «fOT. we 
■raimf that K ahouJd tan possfclv w raiae EPO-R monoclonal 
antibodies (IWoJUk) that would 9**>m receptor by* 
merurion and thi» mimic EPO action- We have l^ntlfied 
audi art agontar MoAb 1M«Ab3« directed le^mai Th* extra* 
ceOutat CPO binding domain of the EPO-ft. Thia bivalent IgO 
.rrdbedy tflgoara the prolific*** EPO-dependent caN 
Unta and kiduui differ <a»urd«n of etythrold emuraore in 
vitro, hi wmnrt. th* monovalent Fab f regnant which cert- 
notdinwba tho receptor, is completely meem*. The meeiw- 
oiRfrt of receptor acromion by bo«*©d1 mutation impliO* 
feat at hfflh ligand concentration* the tonnrfw of t:i racap- 

TTiRYTHRQKHHTIN lEPO). u glycoprotein hot. 
1^ mone. is the major rejulatgr u? mammalian erythrupo»- 
csis * EPO acts on erythroid proscmior cells by preventing 
apopiwta.^ Mimulailns e^ifaaiimi of erythroid precuraor 
ccll>, and inducing difrerenaaiion into mature .srymrocyie*, 
Th«e cf"rect!i are ininsduccd bv the bindine of EPO <o a 
spccilic EPO receptor tEPO*R> on the Kurfacc of committed 
erythroid progenitor eel*/ Deletion of EPO ami EPCM* 
cents, in mlee has shown thai EPO ia crucial lor nus survival, 
pmilfemSnn. and differentiation or law ranimhicd progenl- 
tam twlony-fcmine. unit-efythrold |CPU-El). but mw or 
early brepenbut* trUjr«aH'orminB, unU-eryihreid |BFU-£l)/ 
Mkc homnaygou.* for a delalan or *Uber EPO or EPO-R 
A«n« die during embryt>ccn<i»w Uwe lo failure of eryinrepm- 
cniji Jn the fetal liver. The 6PO-R la a member oFim? cytokiw 
receptor tvpe I supcrlumily. which include* Uie receptor for 
inierieukin-2 (IL-2I waufr IL-7, ^nul«nr»^«P«IP 
cokiny-Mimulaiing lacwr. ^ronulocyic cofntry^Mlmtdaifine 
racmr <0-CSFL e^wth honnone ICHk protucun tPRL)» 
Arombopuiccln lTPO|. teiituitnla inhibitory factor* and kp- 



^'ihc impHMi tor EPO- CH. PRL- TPO. nod OCSF appear 
10 be triqzcrcd by li^nd- induced receptor humodimeriia- 
don * 1J> For ihe EPO-R. direct evidence fer ihe dlmcrtatlofl 
model mtf been provided by me rerent di^ wry^ofa dimeric 
peptide thai binds to and oLiivaw* m« ntceplor. The crystal 
structure uf the peptide In complex with the djuraoeUular 
domain of the EPO-R CEPO binding protein l&PObpj^ho^ 
that the peptide dimer binds iu \wo molecules or EFObp. 
The Formation of complexes between 5PO and iwo mole- 
cule of fiPObp in icoludon has been described iwmuj htfU- 
scuuerinc. .sedimentation equilibttum, and ticrmion Cfllwime- 
iry ujchmquo." Sabte EPObp-EPO ccmpJexw have alw 
bten purified (Zhan K. Karturia C. iCoc a Suvel L. debet 
LB. maTniscripi suhmUttd). 

Previous eviflenuc for £PO.induccd receptnr dimenzaxion 
un the cell surface U based primarily on ow*d Wtwcly active 
EPO-R rtttiuwci. which contain pn>ttl mucnionn inowduonc 

Blood, V9l B9. ^ 2 Uo»w«/V ^ PP 41 



Tor/Tloind oompleicei b favored aver 2:1 Eomple«M, tfiaraby 
turning The Oawftd ago?dst Into an antasonlit. Th ua^P O and 
MaAb94 anouJd stir-antatfafilee at high concatwratlon* in 
bath cell proMcfaiion and drttorentlation aaaayi. Our data 
lnd.fed dtmoMrm that EPO and MoAM* antadeniu l> 
pind«dtpandtat call proKToretkm wW) 1C» valuM of ape»i oa> 
Imately 20 and 2 >imd/L respectively. Erytfw«ifi colony tor* 
rnatEen {BFUel U mhifarted at MoAbl« concentration* above 
1 iimoUL Furthermore, we Htalyzadthe WaAb34:6P0-R uv 
Teraclloe urine, ft metnematlc modal dneflblng antihady- 
madiatad raoapior dimeriiaiion. Thn data for proliferation 
and dirfcrentkation activity were concfetant with the raeap- 
tor dlinaf termation an the ce« surface predicted by the 
modal. 

-0 by The Mmwim Sce/ary of Herrwrotouy 

cy sitlnc subMituihmst inco ihc cMrncdluiar domain at amino 
acid pfiahioiK Km. ur4 E133. ,>,to The EPO-R mu- 
lann form dlsuDidc-rmked homodimcra in thtf endoplusmic 
reticulum and on the ceil surface. 1 ' Baaed on seuuence aJIgn- 
ineniii wim the relarcd CH receptor- thene nwiaiions are 
eapected to be in the rceepler-<Jtrner inierface region, gapiai- 
M'mn o^ xhe consriiutively active EPO-R (RI29C) mutant in 
BuF3 cell& result in facior-independeni proliferation, and 
e*pre»dfin m primtiry cultures of mouac fetal liver cells 
Induces EPO-lndependcnt cryihrajd dlFfcrcntiaTion." Pur- 
thermore. mice Infecicd with » retrovirus carrying the EPO* 
R IRK29C1 mutunr develop crythwfeiiicemia, 12 Truncated re- 
cepior mutanui lhat luck part of lha mtriiCcJlulax aisnaHng 
domain are dominanHies^We for «ignal ornnwiuaion when 
coc*pr<w«d with the wlW-rype EPO-R. 1 *" Both wild-type 
and iruncuted rceeptoff can be coimmunoprwipitntcd whh 
an antibody directed Ofiainst the C-terminiw of the wjld-iype 
rttepior. which la noi present in the tnuu-ated foim^ further 
■aig^cstins the prewaice of receptor dimere on the ceil sur- 
face. 

Receptor Uimerizaiion has been anaryied in great detail 
for the OH noepiot^ 1 GK has two distinct receptor binding 
site** M high ligand concemruuons> fortruiion of 1:1 com- 
plexea via ihe highmfrtnity CH alto 1 is favnnad over 2:1 
cornplexe*, prtvcniing CH receptor Hicrudin*. and Pub oi 



03 

m 

1 

CD 

^^^^^ 

m 

o 
O 

5 



Trwiir thw a*jKmirtemnfXTi*PW flMtifjr, Affix Ptwnnawnteaf 
Carp. South Sdrt Frtmcuca: and die Aut&n Cnrtcf. Thau- 
tund Ortfcl, CA. 
Subnln** Mtrx- /. ilrt*pf«/ SffUtntisrf S. iWft 

AiMnst f*prhu rrytwts t» Helmut Seiwridar. Pt\t>. Arris PUnr* 
iwcetaittd CttffK 3X$ tJyster Mm San FtwxUtth CA 
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al 2 " demoniitrnted seJf-aMufoniRm of QH tn a GH^dcpendeni 
cell pAilifcnuion arfjay at GH conccnirarirm* greater than 
1 00 nmoVL. Hornodimcrizutinn and signal transduction of 
OH receptor cun olxo be achieved by specific monoclonal 
receptor omtbooTiett. IgC-type antibodies are blvaicnt mote- 
eulei that bind to two onTicup molecules* ar the «imc tima. 
t;Gs specific to <3H receptor therefore am able to dJmerhw 
and aurnuluic the receptor. Like GH ( these antibodies are 
self-antaficnuJD; ar high concentrations, 21 Similar agonbt an- 
tibodies have also been described for the PRL receptor. 9 

Wc have raided a monoclonal antibody (MoAb) directed 
againix EPOfap. which sturucji EPO action by inducing 11- 
gaaa-^cpendent cell proliferation and differentiation. Scif- 
anw^onum of EPO has not been reported so far. probably 
because ihe coaccncrattons of EPO tested have not been high 
enough, we analyzed EPO at eonccmnuions up to 30 j/mol/L 
and were able to detect specific Inhibition of EPQ-Uependcni 
proliferation. This provide*; further evidence chat EPO trig- 
gers Its receptor by Kgejid-induced dimeriMiiop. 

MATERIALS AND METHODS 

Cdl Una. a murine fU3-depeftdcxj cell line.* 4 van & 

gin from Dr H. U*ji*n (WhireJvuJ iwaliure. Cambridge. MA). At 
EPO-JcpcnOait BaPVEPQ-R cell fine w« generated by trwufecung 
ihe full-length human EPO-R into fippi eelU. A cDMA cqcadiny 
the full-length human EPOrR u e4ft from Dr J. Wtnkehnarai. Univer- 
sity of Cincinnati, qn : nucleotide sequence Identical to thai u»d 

by Wlnturfmann et aF did Jones ct a! 2 *) ^ cloned ima plusmid 
esprewnon vector pRr/ClWV ftnviiraeen. San Diego, CA). Ato 
eJectroporatioft into BaF5 eel K (he celjx were cultured for 2 dayn 
in RPMT I MO medium iNwainin? 1 0* reral bovine jicrum <FBS) 
a*d IL-3. Cells were washed twice. transferal Into RPMI SodO 
reediup) plus 135 pmaUL EPO. and selected lor EPOdepemlent 
growth. Individual cloaca were ideated by limiting- JJJutinn cloning. 
The EPCMeFsfl^cnt cell lire chant* for this MOdy proliferate* la 
the presence of EPO wkh on EC*, of 13 pmol/L. Scare hard analyst* 
showed 800 receptor* per cell rh« bind EPO with 30B-pmel/L afnn- 
iry If. far simpM/lcanon. siogfc-site binding li assumed (data not 
shoum). Cell* were maintained In RPM) I6*n medium with \Q% 
FBS. ZD mmfll/L HEPES. pH 7.8. and ID ornrd/L mercaptoethanol 
supplemented wiih 100 pmol/L EPO- BaR cells were ^pptemtaieed 
with 10% IL*3 containing WEHl-SB-conditioruHl medium. 

UT-7«PO cellr* were a gift from Dr Nerio Kumacni. and wert 
irawa in iX Iscave 's modified Dulbecco'a medium tlMDM) with 
L-glutamina. 33 mmcl/T- HEPES. g/L indium bicarbonate. 

10% PBS. and 1ft L^o»nilnB-peiiict]lin-6rrepicimy£ln ffnluttod l Ir- 
vine Scfcarfnc, Santa Ana. CA; comatning 370 pmol/L BPO. 

ExfUrtliun and qfjbih? purification of mtuhle human EPO- A. 
DNA enendinfi a stilubie truncated EPO-R i EPO bp) 
by palytncnue chain reucdon ffTTR) using the rull-lertvth cONA as 
tempeue. The ampHAc^lion product hitrailiaees a TAG terrainairini 
codoo 5' Of the transmembrane region and encodes die ekuaccUulur 
domnm conflstlnfl of amino Wide I through 244 uf the pubtbhod 
sequeote.'* The PCK nmriurt was eubclnned into e»pfcasicn Vector 
pRe/CMV (tnvitrosen) and tiably tran$fened \mo CHO cdU. Indi- 
vidual clcnex aecrerlna EPObp were elected by llmlilng -dilution 
ctemn*. Roller botrfes <Furraee urea. I.7nn cm*': Cumir^. Cwnlng. 
NY) were v*ded with the Mahlc cell line, wwen wait ihm ;mwn 
co confluence in fcPMT IftdO medium phis lOCP* The cell* were 
washed twice in wunvfrcr RPMl 1640 medium dnd cultured in 
50tt mL iscrum-frcc RPM I 1640 medium, Celt *upcmawnl wax till- 
Iscled after 2 day!:, and Fmah medium wa^ thitiai for anoihar 2 Uoya. 

EPO wax tUidurd with 1(1 mnHi!/L NuK^ and hinnnylmcd uikt$ 



10 mmo!/L hi tarn hydrar.lue tPferae. Hartford. IL1 following the 
rnanuroeturer'M butruetliinx. a Ugand afnru'ty column was propored 
by jiomnhilhlne blittlnyiated EP0 110 rtvj] on Sireputrklih 3M Ein- 
pnjue beadx (3 mL: Pierce) ovemtchc in Dulbeeen^ phcunhatc- 
bufterad uUnn (|PBS| Irvine Sciendrtd) at 4"C. The bciab were 
Mparatcd from die xupcrrtiuant by cenirinienriejq, and uteubated with 
10 oiinni/t biotin to PBS for 2 hwn al to snruraio ell World 
binding liken. After washing wnti PBS. the EPO-ceeued bead* were 
packed In a eolurnu (Omninr. Allrech Carp, DcerfieU. ILj. 
Cell «upemiuani 1 10 L) was iiDnccnrard end olauUensd to I L ip 
20 mmuiyu Trii hyomchtorkk. pW 7,o. ami loaded on (he column 
at n Bow rate of 0.7 mUmJru Hie column was wnhed wirh 50 mL 
in-mmaVL Tris hydrochfoddi. pH ?j6\ Bound EPObp was elutcd 
with 750 irm«UL NaCI in 2(1 mmoVt Tri t hydrochkiride, pH 7^. 
Sodium dodecyl xutrata^polyaerylaiardc eel etecvimhoresif fSDS. 
PACE) analysis showed a singir 30-kD EPObp band. The CPQbp 
fVacilonjJ were pooled and concentrated, and the buffer was ex- 
changed with PBS to a final concentration of 0J& n^/mL 

GrJierofrnfl and Mretninjr rfMaAb. Five balMe mice were trh* 
munixed by Mvea subcutaneous Injections ui iwa mm* over * period 
of 14 Wee%K Each 30->,L mjecdoA eonuincd 25 ^ EPObp In 
Freund'^ adju«m, Alter 12 wcelt*. all mkc had developed ami. 
EPo hp antibody titer*. The dHutlorei neodeU to reach a halfrnntmal 

xlfnai in an enzytnc-Kflked irnnnninKQibeni asicay (ELtSAl ranging 
rrom I^O.Omi io 1:50.000. An udditUmal final mjectton of 1 50 
£PObp waa udmlnuiMrld Intravenously tn the moiAC capresjunt the 
hlflhwi antibody clccr. After .1 day*, /plecti eellfi u#ert isolated and 
hj«i with myeluma Ktrsln P3X63 Aca\633 (Americna Type Culture 
Collection, Rockvilb. MP; CKL l3flt», Afttr nketlan in hypoxan- 
mine<-umioopierin<u>]riiiidine inedluni iSigma. St LuuU, MOi for 10 
day*, a Ctfal «*75 supemamnp; were nerccned far spceihe amioody 
production by r?U5A, Positive crone* were iiansttrred tn 34-weJJ 
Rderortier ploies. and KupernaUjntH were swayed in a mymidinc up- 
take prnllrcfadon a^ay uslnj the cell floe BaF.VEPO'R and the 
prental 6uF3 as a comml. Kybridama clone MoAbM way xub- 
tloncd twice by limirin; dlluiion. Ip LHurypinc wu peifbrrnad ukIh^ 
(be lunStrip Mouse Mcmnelonol Anubody kotyping Kit from Boon- 
Hncer Mannheim llndiiinapolis, IN). 

Pvrificatttm o/MnAh34 and fab pnpaftui*)*. Hybrtdomas were 
firown id RPMf 1640 medium, ^7,5* DuOhxco'i modified 

Eafle'r medium, and JSfc FBS. Col tun; svpematunt was fiKeied 
tnrough a 0.2-^ m membtaAC A 6-mL proieth C-Sepharuc 4 fast- 
How column t Pharmacia Bioscc*. Plscuutway. NX) wee packed wfth 
80 psi preHaupfiL. a l-L sample was loaded at a ml/min at 4*C. 
followed by washiruj wirh ereaier than $ column vol PBS- MoAh34 
was then duled from Ihc column «»nh fnuntmoPUra IpC elution 
huffier (Pierce) at 2 mL/min. The cluan wan immedumtly neurrarized 
to pH fjS by oddrne 3 moVL Trix. The purity win cvahjorjed by 
noer«lucin g SDS-pACE. Fab rnujmcnn were generated by papain 
cleavage UNing d* immunoPure l^Gl Fab Prepwadon Hi tFtereei 
following the mnnufactufcKii instrucdana. The Pub wus runher puff- 
nod by pet nitration vninc a Superdea 7S column 11.6 cm x W 
cm: Phannaciau clvted wiih PBS. and analyzed mr purity by SDS- 

PAoe. 

ELtSA. Becjeese wc cipeccod the number of agontsi amibodtes 
to be low, we used two oUTereni methods for itnrnobilunrion or me 
EPObp to ensure ideruifoatmn nf a nusfmuin number of artf-BPObp 
^oAbn. 'In EttSA I. EPObp wo* covatenUy Immobiliied. EPObp 
wn> cuiUiled in I ntmnVL S*IQ A ami 50 mmol/L veJturo acetate. 
pH 5 A at J"C for 30 minuses in the dark. The protein was ttpanucd 
from pcrioda<e on a MAP -5 column (Phaftnocta) and incubatOtl op 
nydraetde-Deovatcd inkTodior plates lUnuijn. San DlenA CA) ut 1 
,ic7mL t IO) /iL per wclfj for l pour ai room cempendunc. Hates 
wen? warned and blocked with PBS and 30 mamtL bovine 
albumin (BSAi for I hour, tn ELISA 2. Pnlyw.fO micrOtfter plates 
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£PO RECEPTOR DJMEHirATION 

JNunC. Ribkiltfc. bctrmart?) were incubated for I hour at J7*c 
j(j pp/mK, M»Ah 5 Eli a spvciHc. nontu-utraH/jna nu Mo Ah di- 
KiioJ utility EPOba (0. van Dyke. fWfuwuJ Aummmivsiino. Febru- 
ary The platen werv washed and bfeicfccd. und then EPObp 
1 1 /igfcnU vi< addiHl id ELtSA buffer |?8S. 1 llty/mL BSA. aftd 
&\112# Tween-2I» fur I hour at .17^. After immohiltaifon of 
EPObp. both EL ISA pmuicnls were identical. Aflilhesfy-conttnnrmj 
samples: In ELtSA bxtlfcT were added UnJ incubated far t hour ar 
Artcr washing. plcttdA wl'ic incubated with tt .<h«p artli -mouse 

leC coupled to hno*.'fc*dfch peroxidase i|MfcP| sipma) at o.i ngAnL 
in eUlSA fiuffcx f<Sf I NHjr at 37'C. Thtf pluu* wen: then washed, 
nflU 1 00 (iL TMuVHiOj tte*cl«ping wlfltiun (Pinna:) was added und 
Sncut^iod for 5 minuKH. Color drvrlnpnwnl ilnppcd by adding 
IIS.) Iuuh/L kulluric wid. and ihv PD^«. w Uuncrmlixd 
u>ine, fl plaio reader (Mulecoldr ChrvHccs, Sunnyvale. CAl. 

Thmhikit npltikr pmitfcruihm doxnyj. BoF? and BnF3/EPO-fc 
cell* wet emwo m chi) late logarithmic phaA.*. enllecuif by ceoirifb- 
eaiioju washed three limes with &PM1 I Mil insula cowalnint. l<V* 
FBS WO 10 minnM. HJ^IgS. pH 7. in Ito? absence of KPO 1*1 tt.. 
3. ami i tow tdanrtJ In ifK *awc medip fur 2 tauf*. Ami body test 
samples <hy(»rfdniTn -upcnwiantt ur puxlfiiaj protein*) were diluted 
at rcs«l fourfold into KH) {aL mcdifl. und 100 jiL cell* were hMed 
Clmls per welll. EPO wu> dialyfted against 11) mmnVL 
HEPES. pH 7.U. and IKJ-ijL «ki sample* wefe catRbined with ifS) 
lit ocas C35.00O pet well) in iwofoid-a'nvcmnted medium. 
PUves were iiwuhured fw 4 Kauis al >7 B C p&U 5* CO? in a hnmidi. 
iwd tlxKue culntre (ncrjbarar. Then. 0J pCi n^ihyt'i^Hllhyroalin* 
i Anwmham. Arilnpton HuifihlK. IL; I fflCifaiL. 2\) CI/mmoD ^MI6$ 
huo 2D medium, wv added, and 'he Incabwion was continued . 
for AiuHbcr 15 hours. Cellar were han-csied owq fiber filbermam 
uunn a Tomiec cell hareiier. atvd incmporated radiOtibel was deier- 
mlncd using a Mkrubeia 1420 ^rtoiUladnn caumer fWallac TmfclL 
Finland). 

UT-7/FPO «IU wtrt grown to spproainnKlv- J x l07ml_ col- 
lided by ^emrifiigarinn, washed i*lce wj(h PBS. ami rrStnpcndcd 
Si 50.000/mL in ouay medium iRPM! 16-10 medium U>IA l& L» 
BiutaTnine and ^ FBS>. Tis*ut luIiutc plates (9a*wein were loaded 
with lOt^pt tea «amptoi (diluted tn le&cc 5vefold in assay medium) 
and 50 pL cells per wcD and Ineuhaicd m 3"7"C and 59* CO;. After 
72 tamjnt. 0-5 /XTi mdhyl-^Hllh>intdnie diluted in M >*L aiRay 
medium «as added, and rtm eclk u/ere incubated for another -i hovr* 
m 37°C and 55r CO;, Labeled celb were hnrrcMrt onto jlasf fiber 
fiHemta^ using a PHD cell hftrvesttf rCambridffe Technoln^y. (nc» 
Watertnwp. MAI. Fillers were rinaed *nth 2-pmpinOl. dried, and 
taunted in a Deckman model U6D001C sdQUlladsn counter (FuUer- 
ton. CA1. 

Cdl'tWtd&O bindinxompctliitmaxray. OCtM I «IIj. a to- 
man erTOirOkuVemio cell line that oepnttita EPO-R cm ihc eell 
>urfaee, i » were |rown in IMDM. \QQr and p«mcillin-*«ep- 
romycbi id uppmximaiely 2 to 5 x JO* cclls/mL. CclU re eoJ leered 
by eentriiuiaitOn. waited W £ imet in binding hnffcr (RFMI I64D 
medtatn. 10* BSA. and 35 mmol/L HEFES. PH 73% and rerof- 
pended in binding burTer cnotajn1ngi)Ll9 NaK^ and 10 pf/mL. cyto* 
cboll<m B at I io 2 x I0 T celWmL. TUiue eulrure ptote* rOfr-well) 
were loaded with I0Q *a* ^Iti. 10 >jL Jtanmle. and SO [ ,a t> 
EPO lAmeAham- hich specific OvbViiy. 3.000 Ci/mmul. 2 mCi/ml) 
and iDeuhmcd tor 3 bourn at 1TC in u humidinod ibmie ruhote 
incubator. Tneh. m* oslU were cmiTinjfed *feugb pMholute im! 
(bfl^D wiVvel dlburyVdinonyl phinaUtel in liur tube*. The iube« 
vqntainlng cell pclktt were qukk-ftrocfi in a dry lee-ethanol bath, 
and Ihu ia»ll pullet «OM cliwd and then counted m a Pharmacia* UKd 
(UpproU. Sweden) 1277 Gaminajnaxter auiomatit gumma counter. 

BFU* vttt tIijfft>rMi\uitm may. Normal human donens under* 
won lyfnphophcresiM uccordinf to lemdarf nrntnColK m purify 
CDCU' eryvhroid tells. 5 * Hainan Wowl *V tihlaincd after ^formed 
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consent. Thecvllx were wtucltcd. rc^oonded m HanKjt buluAa*) sate 
uilmbn (HOSjSl. and Mcparacovl tty dcnalry ccniriruuaiinn a 
flratfhmi f FitfMll-Paque: Pttunnaua Bimevhr. TtW low-dcnsuy eejb 
were euIluCTcd. *nsbixl with HBSS. and l uvtorvud cd in PCS Kuppfc- 
menicd wtdl 0.5% BSA and 5 mmni/L EDTA m a cuneeatraikwi of 5 
X IO*celU/mL From these cwlk pun HcdC034' cdls msra obtaissd 
uMng u CW4 Prucjeniior CcP Uotmlon Kit {QBcnuYlO; Milwnyi 
Biotech GmbH, Bitrcbich Clodbeoh. GerrrmnyV 

Tbe in v'\trii BFU-E anay on punR^I C034 ' edLs was perfOntwd 
m rnvtbybacnubve. The medium contained FBS, IMDfws 
[GIBCO. Gntnd l-laml. NY). *alu. 2^crcapToatam>L uutflecmdcs. 
cholesterol. Medium pyrovnic^ Hu^ravsfcrrin. lipids. Mu-livudln. de- 
lonlxcd BAA. and 101) n«/mL stem cell lacior tSCF),^ A suipension 
or CDU* edlu iin.onrvmLi. 0.015 mL SCF on ^fi/mLt and a 
enmbl notion of sample and medium loialins 3 tnL was prepared In 
AeTifc paJyiityrcen} tubes. Duplicate 1-mL ulii^urtts were placed onto 
35 x lOO-mm tissue culture platen. The ploics wcie incubated ar 
yrc tnd ii» CO.- in a humidillcd i'ihhuc culture Incubator. Ery 
rnrnid colomcfi (orange m red in color) ^ere ^coted after 10 m 10 

J7/Aiwnr tma/ynV. Klneric parameunt for the inicfacrion of 
MuAh.M and Its F;ib fnicrncm f Rib.Ui cvrlih £pOnp were measured 
using real-iime hiospecilic interacdnn analysis iBlAeercV 1 The 
BEAcrms »y»a^n, CM-5 «n>or cUip, and ncapenis were from Phar- 
macia Biosensor lPi*cataway. NJL All if^eCtsOnK On the senator chip 
Surface were It a now rate or 5 mL/rrtia and 1S*C unlc*« Otherwise 

voted. Between injections of reagems, the senior chip won coniinu- 

uusly washed with 10 mmat/L HE PES, pH 7.2, 150 avrwIAL NuCl. 

mraoVt, EDTA. and 0.005 ^e surfaeram P31. The interaction oP 
MoA 034 with FPObp was charauctized by coupling appiunlroately 
€wB00 rexmunctr vn^ts lRU> of M0Ap34 id (hp Beneor chip surface 
using standard amine Immobrilizatian chcnrisiry." EPObp &omplei 
of 1 0 to 1,500 nmol/L were InjocteO for 7 ntinuies o*er the MoAb34 
Aurfocc and over a co enrol How eel). After eneh Inject oo of EPObp. 
a I -minute pal» of 1 nunoS/L fornoc acid was uud to ntgenerate 
the MoAp^J. surface. To measure the iwexactlfln of EPObp and 
FaU4. oxidized EPObp <— 500 ftUl was immobilized via Cftroohy. 
draaidv cOupUnn to tne carbosymethyjared deJto-an nisirix/ J lojec- 
Uoni of Ftf>34 spanned a conceniraUon range of 1 to 500 nmoVL. 
After each Injeetian of FabM the EPObp surface was ^generated 
wlrn a 70-^L pubs, at SO uUmin. of 10 mrniuTL >^e|nh**yt- 
aininoVl-pTOpanesulfanic acid (CAPS: nK 10.4), Association and 
dissociation rate constants were determined by lesjpvsquares tiding 
using BJAcY&lufiiipn sort ware (Ftrarmacfa Biosensor}, To mirambx 
poinrniaj rebindini effects, only thr raitbJ 15 second* of «ach dlsso- 
dDdflo pnorlle was used for salculatiaft of the dissociation rate eon- 
Rant. 

RESULTS 

MoAb34 stimtima proliferation of BaFl/EPO-R ccili. 
We have isolated a tola) of 48 MoAbi specific for EPO&p, 




EPObp 



0.75 1 .5 EPObp 

Ftg 1. MoAo34 immiin«b*ot anstvala o4 EPObp* EPObp WIS herc 
OSOMurvd and ocwh/iad bv raduelmj on a 12* acfyl Sfntdo 

es1 end s tsnsvgsjofKttwisfsrio rt}troeallula*a.Tne aim was Insnbaearf 
with Msu>bJ4 rttJ lASj/mLI end so»t«qusnxfy wlfkawUmDosolgC 
pkad to hontfeolsh paresldsse. 
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the soluble extract! lulir iiganaVhi nding domain of the human 
EPO-ft. The hyeridoma Fupemnturtl of MoAb clone M stim- 
ulated thymidine uptake m BuF3/EPO-R cHU. but did net 
stimulate proliferation in pvg-mlal BaF3 cell*. Mu Ah34 Is an 
1$C MoAb that was vubtyped as TeG 4 i . ltranunoblot anaryiia 
of hem-denatured and reduced EPObp suggested thai 
MoAb34 rccogniaei a linear epitope (Rg I), MoAh34 did 
not compete with ['*7]-EPO tn a binding-compeiitian assay 
using human OC1M1 cells 1 * (data not shown]. Thus. 
MoAb34 does not interfere with the binding of EPO to tti 
receptor, indicating thai there Is no overlap of MoAbM and 
EPO binding epitopes on the receptor. The binding kinetics 
of both MoAb34 and Fob34 do EPObp were char aeieri?ed 
using surface pbumun resonance (Fig 2>- For MoAb3d kinet- 
ics, the antibody was immobilized to avoid avidity effects 
For Fab34 kinetics, we immobilized EFObp, The kinetic 
conBtann for MoAb34 and Fab34 are tummorized in Table 
1. 

MeAb34, hui nvr th* Fab frvRi/nems, stimulate prottftra* 
lion in EPO -dependent cHfr- Purified MoAb34 was able 
co stimulate proliferation in EPO-depemdcni cell Hoes. A 
dosc-dcpcndcm response evaluation sn a (>t]thymidlne up- 
take cell proliferation assay showed EC rt valuer of approxi- 
mainly lOnmol/Ltflg 3 A) in BaF3/EPOR cell*. The cJTe«a 
of MoAb34 was specific to EPO-R. because it did not srim- 
ulute growth of the parental BqF3 cell Line (data not shown). 
Under identical conditions, the maxima) amount or ('H]~ 
thymidine incOTpOrolion caused by EPO (Ftfi 4) wan eigbi- 
fold to 10-fold higher than the incorporation caused by 
M0Ab34 (Fig 3A). In comwr to the bivalent MoAb3*. 
monovalent Fab fragment* did not stimulate proliferation 
of the BaF3/£PO-R cell line (Fig 3A), even though the 



afhniticn of MoAb34 and Fnh34 to EPObp were similar 
(Table I). MoAb34 waft even more naive in the cell line 
UT-7/EPO, 27 which expresses emfogenouft EPOR. where 
it Rlinmhiled proliferation with an EC** or approximately 
300 pmnl/L (Fig 3B). The numimum incorporation wiu 
close do the value obtained wjlh EPO. This may be due lo 
the higher concentration of EPO-R molecules on the wrraec 
or UT-7/EP0 cell*, which contain 2,400 receptors per 
ccU.^ versus BOO for BaF3/EPO*1l (data not e hown). For 
higher receptor concentrations the Kg and concentration 
nece«mry 10 induce dirnerlzation of Ihc receptor* should be 
lnw4r. At higher concentration* f MOO nmol/Lj. MoAb3* 
Dwaconias cell proliferation in both cell lints (Rg 3). 
ait expected based on the homodimerization model. The 
resulting due*tfepcndent proliferation curves have a bell- 
shaped character with IQo value* for setf-onragonlsm of 
approximately 2 /iraol/L. 

If EPO homodimerize* the receptor, then self-antago* 
niftm Kheuld aUo bo observed ot nigh EPO concentrations. 
Wedemonxcraied thin using our B&F3/&PO-R cell prolifer- 
ation assay (Fig 4). Prolllerailan Aignlneantly decreased 
above 3 pmoWl: however, complete inhibition wai not 
observed at the concentration* tested. The estimated TC M 
value was approximately 20 pinol/L. rcprcseminc 74,000 
UMJL or 370 /ig^L of EPO. This is alt cvtrcmely high 
concentration — BoF3 /EPO-R cells prohfentlc witb nn 
ECy» of 15 prnol/L. which ia *i* Ofdcr% of mognitade low«r. 

To confirm inut the decrease in signal in 8nF3/EPO-R 
celU was specific to EPO end not due to toxicity or ruber 
artifacts atxueh high Hg&ad concentration*, parental BaF3 
celbt were incubated with EPO at identical conceniraiienfl 
in the presence of IL-3. No decrease in I U3 -dependent 
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proliferation was observed ax any EPO concentration (Fig 
4). 

Mf*b±9 induca dtfftrtnriatinn of CD34* eryihnid pro- 
Xenimr cells in iht presence af SCF. The differentiation 
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of BFUe cells in [he Ct)34* population in erymroid burst* 
Is dependent on EPO and SCR MoAb34 was able to induce 
in vilrn diFFercnilaiioii of human CD34* eryihroid cell pre- 
cursor*- tn two rodecendem esperimentK. duplicate scl* of 
cell* wore treated with varum* coocentraiians of 
MoA W4, EPO, or a control antibody. The cell* were inw- 
bnied ki the presence of a (feed caneentrailen of SCF ( 100 
ng/mU. Afier 19 day* in die firw CTperirn«« and 10 days 
in the sctond «jsprrinienL colonics from BFXJfi cells were 
visible in the presence of erthcr MoA or EPO. but not 
in Ihe antibody control (Table 1). The coloflk* showed typi- 
cal red color and could be identified as crythroid cell* by 
mfcrwopic anotyjua cR^ 5^. As in the cell proKferation 
assays described earlier. EPO was mocc palefil fnnn 
MoAb34, Colonies developed al ihe foweu EPO concentra- 
tion tested (1,3 pmolrtJ. wherao* no eryihroid colonies wens 
observed at a MoAb34 concentration lets than 7 nmol/U 
Both ihe absolute numbor of colonics and The wfce of die 
colonte were higher In die presence of EPO ihun in the 
presence of MoAb34. The approximate EC«p value whsi IS 
nenol/T^. and the hi£he*i calculation of diffcrcntiaiiivi by 
MoAbM observed was 22 to 220 nmol/U similar to (ho 
nwimfi observed in the cell proliferation assay* (Tubl* 
Tn addition, fli concentrations atovo 72ll nmol/L- MoAb34 
self-&niagDflSzes in this cell differentiation assay. All these 
data demonstrate dial both cell proliferation and differentia- 
tion are driven by ligand-induced receptor homodimertzu- 
tton. 

Agimist activity «/M**A#54 tvirtriejtfj wHI wtih a mCet 
far untibaify-medtoTed receptor tfatutrlztirkm- Maihcnwlic 
models have been developed to describe the formation of 
rtceptot dlmers on the cell surface by brvaknl Ugand and* 
bodiesr 15 orby OH.* 1 W c investiejited how the aaonlst activity 
of MoAb34 wow Id correlate with the occurrence of rtccpior 
dimefs predicted by the model of Pfcrcbfirt. 

Briefly. Ptrdwjn postulate* a iwo-Mep mechanism* 
whereby the formation of 1:1 complexes a driven by die 
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affinity constant X A (■ I Kb). Subsequent dimer rbrrnadon 
ia dependent on a ''cro^Iinklng' 1 constant K*< which Lrv 
eludes but also depends on the effective concBnr/arion 
Of receptors on (he cell surface and other foaon. In the 
folia wing equations. "Ab" aland* for antireceptof antibody 
and "R** for receptor. 

* 

[Abl + (R] ♦* [AUK] 

[Ab.RJ * [RJ ** {R.Ab,RJ. 
The coTvccrjrmtion of dimer Is calculated as 

[dimer] - |i + ~<1 ~ vTT**)}, 



where 5 



(I ^2J^[Ab))' 



assuming that the amount of antibody bound Lb small com- 
pared with the rata! antibody concentradon. The maxima] 
concentration of dimer is solely dependent on K A : 



IF the percentage of receptcr/jnobody 2t I complcjr.es ver- 
sus the total number of receptor* is plotted against th* anti- 
body coacentrutiom a symmetric bdT-Khaped com is pre- 
dicted. The maximum of 2:1 complexes oecun ax a defined 
and body conoanrmrloTi equal to half the antibody K# value 
Details of the above derivation may be round elsewhere.* 3 

Figure 6 fftfc the data of the MoAb34 cell proliferation 
and dlrrerejulation assays en ihe equation. The resulting beilr 
shaped curves For the proliferation assays correlate well with 
the assay daa The obtained 3;i complMt maxima were 1 14 
nmoML ror BaF3/EPO-R cells and 2$ nmol/L for UT-7/EFO 
cells. According to the model, this translate* to apparent K* 
values of 22S and 52 nmol/L respectively, in good qcree- 
mnni with the Kj vatqc of &4 nmol/L. dctermlnad by BIAcore 
analysis (Table 1). These results demonstrate thai the agonist 
activity of the bivalent MoAb34 in cell DTOJi Aeration and 
differciiuarton assays In consistent with IrgandVindiTCd ho- 
mod Lmc fixation of cbe EPO-R an the ceD surface, 

DISCUSSION 

Homodlrnertotion of the EpO-R by EPO on the cell sur- 
face ts believed to be the key event in signal tnmsducitoo.* 
The model for harnodirnenrutaiion of the EPO-R by EPO 
implies that it should be possible to trigger the receptor by 
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bivalent MoAh* directed aaainxt EPObp. For Ihe related gH 
receptor, a variety of usoaja MdAIw have been reported. 33 
MoAb34 is such a bivalent JaC with the ability to dimcrw 
cwo receptor molecule*- Wc hove shown jiimtflatkro of cell 
proliferation in BuF3/EPO*R and UT-7/BTO, *ot wel) aic atim- 
ulution of cerl difrerentiaOon in CD34*. On the olher hand, 
monovalent Fab fraenrtfltfi. which cuonoi form receptor ai- 
mers an: igudly unobk to stimulate cell proliferation In 
BaF3/EPO-R. although their affinity for EPObp is {similar. 
In ail three tc?* *y.ttenw used- We observed ^f-umagonisra 
of MoAb34 « high concentration This is precisely what ihe 
horaoolrnerixxuion mechanism requires: when high lifand 
eenccnttauons drive the equilibrium from 2:1 complexes 
toward 1:1 coiTkplcjicfs there are fewer receptor dirtier; on 
the cell surface wagering .signal transduction. Sel^anuigo- 
u*m has been described for agonist CH receptor anil PRL 
receptor unubodic*. too/ 5 -* sgggeKilng thai till three rceep- 
inr? are yctivutcd by the name principle. 

Over the full antibody concemrjuon runge, activation of 



pell prolifefutfon and differentiation shaws a beltahoped re- 
sponse curve. The maximum observed in all three in vitro 
experiments occurs ui Simitar MoAb3<* eoneer\ffation*, in 
close vicinity to hs K,i- Indeed a mathematic modcr 15 pre- 
dion ihat a maximum of 2:1 rrceptorJantibody complexes is 
formed at a eonttn nation of 0.5 X Kj. We were aWe ro fit 
the data obtained In the cell proliferation and differentiation 
raoy* to ihi,H model. The. corrclaiion of agenitt activity with 
tbs predicted occurrence of 2:1 complexes runner *upnoru 
the hcTnodimeruaiion model. In contrast, dam reported for 
agopist nmibodle* stimulating the CK and PRL receptor 
show a rwirnUltt rcsponxe in proliferation assays at concert* 
[rations approximately two orders of magnitude higher than 
dVir Ko values." 43 It « possible rtwr die affinities of and- 
PRL receptor antibodies were ervexejnimated due to avidity 
effects, since they were determined by binding analysis of 
radiolabeled antibodies to. whole-cell hamogenanw/ 7 In the 
GH-GH receptor complex, ifiere u substantial contact sur- 
face between the two GH receptor molecules in addition to 
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d3S* <^Oi. Th* Mini numhw erf cnloofag obutntd In rt*. 2 ceoim 
of npvinufltl rTanft*2) w» nsad. 



the hormone- recftptor interfaces, which contribute* to the 

binding energy.* 1 In contrast, rcccptnr-recepcor infraction 
in the £PObp;EPO comc4*x Bc cm» 10 be row, if there n 

We hove demonstrated for the fin* rime chat EPO exhibits 
jelf-aniagonisin (Fig 4). The cancentration of EPO netted 
wax more item four orders of magnitude higher thm that 
neceMcry for a maximal response. The likely reason that this 

effect bos not been reported previously is that the micromnlar 
eoncentratkmi necessary have not been tested In prolifera- 
tion assay*. The IQd for EPO neJf-anta B onUro i« approxi- 
mately 1 0-fold higher than the lCw> far human OH self- 
antagonism, whereas EC*, values for a^onixm of EPO and 
CH are similar. 25 There arc rcverai explanation* possible. 
The IC*, q( EPO sdP-unasojilwn could be higher doc to a 



tower affinity of rite 1 Tor EPO than for CH. Alternatively, 
different receptor densities and site 2 affinities could account 
for the observed discrepanetoL Unfortunately, the available 
data are limited. A well-derived Kj in available for CH (& 
= 0.3 nmolfl.)^ but the corresponding aiie of 6PO hu not 
been aa well characterized (K*. -OS amol/L). 11 On the other 
>«m<3, the & of site 1 has been well determined for EPO 
(0.85 to US /irool/O, 11 but k Is unknown forGH. Previous 
study has demorcKratcd ihM there arc inlcnxctlons between 
the extracellular domain* of OH receptor": however, the 
contributions of the manbranc»jipaj>nin^ and intracclhirar 
domain* to the dimcrizsKlon of cytokine receptors are pnorty 
undeniood. 

A counterpart to the inactive Fab Fragments of MoAbJ4 
would be an EPO mutant that' lacks the putative second 
binding site. Such a mutant woufcj still be able to bind to 
the receptor, but it would not be able to cause dimwJxatioo 
ami rhcTtfbre should be Inactive in a proliferation awuy. For 
OH. Full et aJ 33 have shown due a mutora in which roiduc 
GVI20 i» replaced by argtirin* disrupt* the Hale 2 receptor 
binding tit?, This mutant binda to OK rcccftor with the same 
affinity as the wild- type hormone, buc it cannot stimulate the 
receptor and it acta an an anugoniKL Such an EPO mutant 
has been described recently* and give* further evidence that 
WO act* tfiroufh homtidimisraation of its receptor. 

Why are agonist amttrodiea for EPO-R so tare? All MoAba) 
specific in the extracellular domain should dimcrizc the re- / 
ceptor because they arc biwaleuw. However, the vast majority \ 
cf antibody in our screen are not agonJmx (47 of 483 and j 
form inactive 2: 1 complexes. Although generation ofjpecl ftc / 
MoAbb with antagonist activity hex been reported pre- I 
vfouRly.**-*' agonist amifaodle*: have not been described. Ap- / 
parcntly. the Cell surface impoxes Jiifific constraluw and the / 
two msepior jubuniw in inc 2:1 complex have to be m a I 

HDedAc orientation and/or distance relative 10 each other. If j 
drifl k nut the case, receptor^eeeptor inwaaionj necessary' 

for lilpjiftl vaesduefion cannot be rormcd. Stln^wiaiaoa of EPO 

induce* binding of 3 iAK2 kinase molecule to the cyroxoltc 
domain ofcach EPO-R moiecufo and increase*" Dtrapnofyi> 
tion of ETO-R and JAK2 tioasc itSBlf.* 3 ir the Latter id an 
intermoteciuar phosphorylation process o> has been de- 
scribed receptor tyrosine kinase*/*** close proximity of 
the two receptor moleculca would bo essential- Because of 
the iize 0/ the antibody, this proximity unlikely in most 
aiiclhrjdy-rccer^rcomplexejL since MoAb34 bt 4 less potent 
ageni5l than £HX it bugge*** «tm it dimnriee^ EPO-R in a 
.lightly dirrcrent way than the natural hormone doe*, and 
thai dus dimeritotioii is ftuboptimnl for signal transduction. 
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